SINCE the initial clinical description of reversal of blood flow in the vertebral artery by Reivich, Holling, Roberts, and Toole in 1961,1 there has emerged an awareness of the importance of obstructive lesions of the proximal subclavian artery in the production of symptoms of cerebral ischemia. Since this is a form of cerebral vascular insufficiency readily improved or cured by surgery, it is imperative that the "steal" syndrome be suspected clinically and that appropriate diagnostic procedures be performed. Symptoms of brainstem ischemia coupled with brachial blood pressure inequality, subclavian bruit, and ipsilateral radial pulse delay as observed by Kesteloot and Houte,2 are the basic clinical criteria for selection of these patients for contrast procedures.
Experiments in which chronic reversal of vertebral flow was created in dogs3' 4 suggested that plethysmographically recorded alterations in digital pulse contour, timing, and blood flow in the occluded extremity could be of diagnostic importance. The present studies, carried out on patients with symptomatic subclavian steal, amplify our previous findings in animals and demonstrate pulse delay and the decrease in pulse amplitude in the extremity distal to the subclavian occlusion. The clinically observed diminution or loss of radial pulse following exercise of the arm with subclavian stenosis or occlusion has been confirmed objectively. Furthermore 
Studies
Plethysmographic measurements on two different occasions (table 1) revealed flow in the digit on the side of the subclavian stenosis to be higher than that on the normal side. Flow/pulse ratios were markedly elevated in the affected extremity. An increase in flow/pulse ratio (i.e., a decrease in the pulse amplitude relative to the flow) has been found to reflect the damping of the pulse as the blood flows via the smaller and longer Circulation, Volume XXXII, September 1965 collateral vessels around an occlusion.5' 6 In this case the collateral channel would be the vertebral arteries. The digital artery pressures reflected brachial pressures and were significantly lower on the stenosed side. In both studies on this patient, the calculated small vessel resistance was lower distal to the occlusion than in the normal extremity, suggesting a dilatation of the skin bed in response to the occlusion that would facilitate a "steal" of blood from the brain by the extremity.
In a comparison of pulse contours ( fig. 1 ), the delay of the peak of the pulse distal to the occlusion with respect to its foot is apparent, and the right pulse has a much more damped appearance than normal, probably due to the longer course and smaller vessels through which the blood is flowing. The foot of the abnormal pulse was only slightly delayed in time over that of the normal digital pulse, but the delay of the peak of the pulse was much greater ( (fig. 2) .
The thrombus was removed from the subclavian and the artery was repaired withl a Teflon patch graft. Following repair the pulse in the subclavian ar-tery was good but nio radial pu-ilse couildi be palpated.
In this patient the plethysmograpliically measured flow was lower on the occluded side ( (table 1) . Flow/pulse ratios were increased on the occluded side. There was a delay in the left pulse and the left pulse contour was quite abnormal ( fig. 1) .
At operation, prior to subclavian endarterectomy, digital artery pressures were low and digital flows were lower than preoperatively. The flow on the normal side was decreased much more than on the occluded side due to a greater increase in small vessel tone in this extremity (table 1) . Before removal of the plaque, the left vertebral artery was clamped and the left digital pulse decreased to less than a third of its preocclusion value (table 2), suggesting that two thirds of the flow in the left digit could have been supplied via the reversed flow in the left vertebral. Immediately following removal of the plaque in the subelavian artery, the pressure in the left digital artery rose to the level of that on the right, the flow/pulse ratio became normal (table 1) and the contour of the pulse changed toward normal, i.e., the peak of the pulse occurred sooner in the pulse cycle ( fig. 1) .
Two days after surgery the digital flow/pulse ratio and pressure were normal in the digits of the previously occluded extremity (table 1) , and the digital pulse had now regained a notch ( fig. 1 ). At this time the flow in the previously normal extremity was low, the digital artery pressure was 60 mm.Hg lower than on the left and the right pulse was slightly delayed over that on the left, all of which indicated a newly developed occlusion in this extremity. This probably occurred as a result of the catheter being inserted into the right brachial artery for the purpose of angiography. 
The preoperative plethysmographic studies followed the pattern described above, i.e., a higher digital flow on the occluded side in spite of a lower digital artery pressure, a high flow/pulse ratio distal to the occlusion, a damped-appearing pulse contour on the left and a small delay in the foot of the left pulse and a more marked delay in the peak (table 1, fig. 1 ).
The effect of exercise on the digital pulse was recorded. With exercise of the affected extremity, the pulse in the digit decreased to about one third of its preexercise value and there was a small decrease in the digital pulse amplitude of the opposite extremity (table 2) corroborating the clinical impression of loss of radial pulse after exercise of the arm.
Two days after subelavian endarterectomy, flows and arterial pressures were essentially equal in the two extremities, the left flow/pulse ratio had returned to normal and the pulse delay had disappeared (table 1). The contour of the left pulse had changed toward normal ( fig. 1 ).
Discussion
In all of these patients except for the individual who had a more distal occlusion in addition to that in the subclavian artery, the digital flow on the occluded side was equal to or greater than that on the normal side. Since the digital artery pressure was consistently lower on the affected side, this increased flow would require a lower resistance or decreased tone of the small vessel bed distal to the occlusion. This dilatation of the peripheral vessels on the affected side has previously been seen in animals with experimentally produced vertebral reversal3 4 and apparently represents a chronic compensatory response to the occlusion. While protecting the extremity from nutritional deficiency, this mechanism would result in a greater shunting of blood away from the brain. Of course, only the digital or skin bed is studied here and it is essential to know the state of the vessels supplying the muscles under these same conditions before firm conclusion can be reached.
The increased flow/pulse ratio and the damped pulse contour are abnormalities seen with arterial occlusion at any site. We have noted these findings in conjunction with high flow in the digit distal to the occlusion only with vertebral reversal.
A pulse delay in the radial artery distal to the subclavian occlusion can almost always be detected in these patients by palpation. In all probability the palpable delays are a reflection of the delay in the peak of the pulse recorded plethysmographically and which was present in each of the patients studied.
The marked drop in the digital pulse amplitude with direct occlusion of the vertebral in which flow was reversed suggests that a very large proportion of the blood reaching the digit comes via the vertebral and a more minor proportion from local collateral channels in the area of the subclavian artery.
The decrease in palpable radial pulse with exercise in these patients is confirmed in the recorded changes in digital pulse with exercise of the extremity. The dilatation of the muscle bed apparently shunts blood away from the skin. The In each case there was a delay in the foot of the digital pulse on the occluded side and a more marked delay in the pulse peak. Distal to the occlusion the pulse amplitudes were decreased and the contours were abnormal.
The amplitude of the digital pulse was markedly decreased with exercise of the affected extremity.
The pulse delay and the disappearance of pulse in the radial artery during exercise previously described clinically has been confirmed by measurement.
